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Description 

SgSSSSSESSaSSSS 

m0, !n C ts r MM S«1 eTtfVandenberg. there is described a process of polymerising olefins to high 

that increased use of hydrogen during the polymensation process results .n the decrease ot polymer 
P ° ,Y G e e ^Xfnt e SlSon 2 608,863 discloses the use of a catalyst system for the polymerization of 

* ^SjSS *SX SSS«*S25 . process for preprlos ********* Prof*™ 

8 ^Vreove n Ueni n ^orth e ai the polymerization process emptying the homogeneous catalyst 

40 the fnS» n 35242 m the patentee discloses that relatively low molecular weight polymer products are obtained 
at &&^5SET«mp.«tu«. and relatively high moleculer we,ght polymers at low 
Polvmeriation ^perawres. fee , ization temp eratures in order to 

OT Ti«rd52v 9 the oresent invention provides new cyclopentadienyl - metal/alumoxane catalysts for 
Accordingly, the present invenu onp° employed at high temperatures to obtain olefin 

55 tSZSSS^^ » molecula < wei9ht - density and terminal 

unsaturation. . . mo , ecu i ar we iqht of polymer product can be controlled by the judicious 

•JSStSS* SS^S^SS^S % a'nd use of ligands for the meta.locenes. It has 

t0 fihfi emX'ed for the polymerization of ethylene and alpha-olefins to polyethylene 

65 SS3S compound SS^Spentadieny. derivatives of a Group 4b, 5b and 6b metal of the 
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Periodic Table and include mono, di and tricyclopentadienyl and their derivatives of the transition metals 
The metallocenes include those represented by the general formula (C 5 R J P R , C5R m Meu 3 .p or 
R ' (C R )»MeQ' wherein Me is a Group 4b, 5b, or 6b metal of the Periodic Table (Chemical Rubber 
Sompan/s Ha^bTok S Chemistry & Physics, 48th edition). <C S R< ) is a cyclopentadieny f or subsbtuted 
cyclopentadienyl, each R', which can be the same or different, is hydrogen or a hydrocarbyl rascal such as 
alkvl alkenyl, aryl, alkylaryl, or arylalkyl radical having from 1 to 20 carbon atoms or two carbon atoms are 
?Xd Uoge?her7o forrn a Q-C s ring, R" is a C,-C 4 alkylene radical, a dialkyl germanium or silicone or a 
allcyl phosphine or amine radical bridging two (C S R'J rings, Q is a hydrocarbon radical such as ; aiyl. alkyl 
alkenvl alkylaryl, or arylalkyl radical having from 1 to 20 carbon atoms or halogen and can be the same or 
differed having from 1 to 20 carbon atoms, s is 0 or 1 , p is 0, 1 or 2; provided tha 

8 is C [when p is 0; mis 4 when s is 1 and m is 5 when s is 0 and that at least one R' is a hydrocarbyl rad.cal 
when s=0 and Q is an alkyl radical or halogen. 

As an alternative to the above defined methallocenes one can use certain carbenes. These are the 
carbene represented by the formula 

Cp 2 Zr=CH 2 • P(C 6 H 5 ) 2 CH 3 

and its derivative of the formula 
20 Cps ZrCHgCmCHalC Hs 

and the carbene represented by the formula 

C Pi Ti=CH 2 • AI(CH 3 ) 2 CI 

25 

and the derivatives of this carbene 

Cp 2 Ti=CH 2 • AI(CH 3 )3, (Cp 2 TiCH 2 ) 2 , 
30 Cp a TiCH 2 CH(CH 3 )C H 2 , Cp 2 Ti=CH a • AIR"' 2 CI, 

wherein Cp is a cyclopentadienyl or substituted cyclopentadienyl radical, and R'" is an alkyl, aryl or 
alkylaryl radical having from 1—18 carbon atoms. 
35 The molecular weight of the polymer product can be further controlled by the ratio of alumoxane to 
metallocene or defined carbene. . . . . . „. 

The present invention also provides a process for producing polyethylenes having molecular weight at 
relatively high temperatures. The process comprises polymerizing ethylene alone or in the presence of 
m no? amounts of higher alpha-olefins or diolefins in the presence of the catalyst system described above. 

The Advantages of this invention are obtained by the use of derivatives of the cyclopentadienyl ring 
and/or other ligands for the metallocenes in order to control and tailor polymer molecular we.ght and/or 

C °Tr P %s"nT e invention is directed towards catalyst systems and a catalytic process for the 
polymerization of olefins, and particularly ethylene to high molecular we ght polyethylenes such as linear 
low density polyethylene (LLDPE) and high density polyethylene (HDPE). The polymers are intended | for 
fabrication into articles by extrusion, injection molding, thermoform.ng, rotational molding, and the like, n 
part icu tar the polymers of this invention are homopolymers of ethylene, and copolymers of ethylene with 
higheralpha-o^fins having from 3 to 10 carbon atoms and preferably 4 to 8 carbon atoms per molecule. 
Illustrative of the higher alpha-olefins are butene-1, hexene-1 and octene-1. 

In the process of the present invention, ethylene, either alone or together with alpha-olefins having 3 or 
more carbon atoms per molecule, is polymerized in the presence of a catalyst system compnsmg at least 
one metallocene or carbene as hereinbefore defined and an alumoxane. 

iHccorSance with this invention, one can also produce olefin copolyrners particularly copolymers of 
ethvlene anc I higher alpha-olefins having from 3-18 carbon atoms per molecule. As indicated above the 
JSL? Sent can be controlled through the selection of metallocene or carbene catalyst 

"""The^Tumoxanes are polymeric aluminum compounds which can be represented by the general 
formuSe ESI which is a cyclic compound and RtR-AI-O-l^IRa, which is a linear compound. In 
the General fo?rS R is a C,-C 6 alkyl group such as, for example, methyl, ethyl, propyl, but/l and pentyl 
and 9 n "s an imege from 1 to 20. MoS preferably. R is methyl. Generally, in the preparation of alumoxanes 
from forexamVle, aluminum trimethyl and water, a mixture of the linear and cyclic compounds is 

° bta The d alumoxanes can be prepared in various ways. Preferably, they are prepared by contacting water 
with a i soliX .of aluminum trialkyl, such as. for example, aluminum trimethyl, in a suitable organic solvent 
^SS^XSSmc hydrocarbon. For example, the aluminum alkyl is treated with water in the 
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form of a moist solvent In an alternative method, the aluminum alkyl such as aluminum trimethyl can be 
desirably contacted with a hydrated salt such as hydrated copper sulfate. 

Preferably, the alumoxane is prepared in the presence of a hydrated copper sulfate. The method 
comprises treating a dilute solution of aluminum trimethyl in, for example, toluene, with copper sulfate 
5 represented by the general formula CuSCV 5H 2 0. The ratio of copper sulfate to aluminum trimethyl is 
desirably about 1 mole of copper sulfate for 4 to 5 moles of aluminum trimethyl. The reaction is evidenced 
by the evolution of methane. 

The new metallocene compounds usefully employed in accordance with this invention are the mono, 
bi and tricyclopentadienyl or substituted cyclopentadienyl metal compounds. The metallocenes are 
io represented by the general formula 

<C 5 R , m) P R"»(C s R / m )MeQ 3 . p/ R'',(C s R'J 2 MeQ' 

or a derivative thereof as specified above. 
75 Exemplary hydrocarbyl radicals are methyl, ethyl, propyl, butyl, amyl, isoamyl, hexo, isobutyl, heptyl, 
octyl, nonyl, dicyl, cetyl, 2-ethylhexyl and phenyl. 

Exemplary alkyiene radicals are methylene, ethylene and propylene. 

Exemplary halogen atoms include chlorine, bromine and iodine and of these halogen atoms, chlorine 
is preferred. 

20 Exemplary of the alkyiidene radicals is methyiidene, ethylidene and propylidene. 

Of the metallocenes, zirconocenes and titanocenes are most preferred. Illustrative but non-limiting 
examples of these metallocenes which can be usefully employed in accordance with this invention are 
monocyclopentadienyi titanocenes such as pentamethylcyclopentadienyl titanium trichloride; substituted 
bis(Cp)Ti(IV) compounds such as bis(indenyl)Ti diphenyl or dichloride, bis{methylcyclopentadienyl)Ti 

2$ diphenyl or dihalides and other dihalide complexes; dialkyl, trialkyl, tetra-alkyl and penta-alkyl cyclopenta- 
dienyl titanium compounds such as bis{1,2 - dimethylcyclopentadienyDTi diphenyl or dichloride, bis(1,2 - 
diethyicyclopentadienyOTi diphenyl or dichloride and other dihalide complexes; silicone, phosphine, 
amine or carbon bridged cyclopentadiene complexes, such as dimethyl silyldicyclopentadienyl titanium 
diphenyl or dichloride, methyl phosphine dicyclopentadieny! titanium diphenyl or dichloride, methylene- 

30 dicyclopentadienyl titanium diphenyl or dichloride, ethylene bis (4,5,6,7 - tetrahydroindenyUtitanium 
dichloride and other dihalide complexes. 

Illustrative but non-limiting examples of the zirconocenes which can be usefully employed in 
accordance with this invention are pentamethylcyclopentadienyl zirconium trichloride, the alkyl substituted 
cyclopentadienes, such as bis(ethyl cyclopentadienyl)zirconium dimethyl, bis(p - phenylpropylcyclopenta- 

3 * dienyl)zirconium dimethyl, bis(methylcyclopentadienyl)zirconium dimethyl, and dihalide complexes of the 
above; di-alkyl, tri-alkyl, tetra-alkyl, and penta-alkyl cyclopentadienes, such as bis(tetramethylcyclopenta- 
dienyijzirconium dimethyl, bis(pentamethylcyciopentadienyl)zirconium dimethyl, bis(1,2 - dimethylcyclo- 
pentadienyUzirconium dimethyl, bis(1,3 - diethylcyclopentadienyDzirconium dimethyl and dihalide 
complexes of the above; silicone, phosphorus, and carbon bridged cyclopentadiene complexes such as 

40 dimethylsilyldicyclopentadienyl zirconium dimethyl or dihalide and methylphosphine dicyclopentadienyl 
zirconium dimethyl or dihalide, and methylene dicyclopentadienyl zirconium dimethyl or dihalide. 

The ratio of aluminum in the alumoxane to total metal in the metallocene or carbene can be in the 
range of 0.5:1 to 10,000:1, and preferably 5:1 to 1000:1. 

The solvents used in the preparation of the catalyst system are inert hydrocarbons, in particular a 

«s hydrocarbon that is inert with respect to the catalyst system. Such solvents are well known and include, for 
example, isobutane, butane, pentane, hexane, heptane, octane, cyclohexane, methylcyciohexane, toluene 
and xylene. 

As a further control and refinement of polymer molecular weight one can vary the concentration 
alumoxane. Higher concentrations of alumoxane in the catalyst system results in higher polymer product 
so molecular weight. 

Since, in accordance with this invention, one can produce high viscosity polymer product at relatively 
high temperature, temperature does not constitute a limiting parameter as with the prior art metallocene/ 
alumoxane catalyst The catalyst systems described herein, therefore, are suitable for the polymerization of 
olefins in solution, slurry or gas phase polymerizations and over a wide range of temperatures and 
55 pressures. For example, such temperatures may be in the range of -60°C to 280°C and especially in the 
range of 50°C to 160°C. The pressures employed in the process of the present invention are those well 
known for, for example, in the range of about 1 to about 500 atmospheres (99.3 to 49644 kPa) and greater. 

In a solution phase polymerization the alumoxane is preferably dissolved in a suitable solvent, typically 
in inert hydrocarbon solvent such as toluene and xylene in molar ratios of about 5x10" 3 M. However 
60 greater or lesser amounts can be used. 

The soluble metallocenes can be converted to supported heterogeneous catalysts by depositing said 
metallocenes on typical catalyst supports such as, for example, silica, alumina, and polyethylene. The solid 
catalysts in combination with an alumoxane can be usefully employed in slurry and gas phase olefin 
polymerizations. 

65 After polymerization and deactivation of the catalyst the product polymer can be recovered by 
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processes we., known in the art for removal 5*^^ 

*«oCe%^^ 

weight in the range of 1,400,000 " f*^^ 

*"!SE examp.es following the mo.ecu.ar weights wer^ 

150CGPC (Gel Permeation Chromatography] ^\^ a ^^^rfomed ltUSX\nJCB ^ 
samples in hot trichlorobenzene (TCB) and .Itered Yi^JSS^StmMK from Perkin Elmer Inc. 300 
m Jin using two Shodex A3 0 I MS G^olumns of ^ m a ^ h n e a, chromotagrap hic runs monitored at 
milliliter of 3.1 percent solutions in TCB were in|ecre wn ^ dup|jcatei The integration 

^rs-oSaas rssaa^ - — n - phenyi - 2 - 

naphthylamine, was added to all samples. 

,n the examples following the alum = mjj . WJJ- "J ^^^ddXIo'cm^ increments 
600 cm 3 of a 14.5% solution of !"« n **5S^2u^ta a Zipperclave reactor under nitrogen and 
at 5 minute intervals, with rapid ^ Edition of 0.3 cm 3 water The 

maintained at 100'C. Each i« cre ™"* ™^ 



35 150C. 
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Example 1 (comparative) . .„ , nc | ine b | a de stirrer, an external water jacket 

A 1-liter stainless steel pressure vessel equ pped wrtfc mc rf 
for temperature control, a septum inlet and vent line, d j; gassed to luene was introduced 

was dried and deoxygenated with an. trog* ^a aluminum) alumoxane was mjected .nw 
directly into the pressure vessel. 10.0 cm **2*J^ B ,5 the mixture was stirred at 1,200 rpms and 
the vessel by a gas tight syringe through the septum .met ana pen tadienyl) zirconium d.chlonde 

80°C for 5 minutes at 0 psig (99-3 kPa) of nitrogen. TO D h the septum inlet into the vessel. After 1 
Ssso ved inTu ml of d£ distilled toluene was *^£5S£* was maintained at 80'C. 
Ste, ethylene at 60 psig (515 kPa) was i admitted and while the ^rea ^ was stopped by rapid Y 

a molecular weight distribution of 3.5. 

for temperature control, a septum inlet and vent line, a " a a ~f u f d passed toluene was introduced 
was Zed and deoxygenated with a ^^"^^(VsTmlles in t^l aluminum) was injected into 
directly into the pressure vessel. 20 0 cm of alumoxa M J* J was stirred at 1(20 0 rpms and 

55 the vessel by a gas tight syringethrough the septum , nl et . anot e ope ntadienyl) zirconium 

80'Cfor 5 minutes at 0 psig 99.3 *™ * "^^^ 

dichloride dissolved in 2.0 ml of dry, d.st.lled to |u ene was inje « a adm itted for 30 minutes while 

to a ve an Al/Zr ratio of 24x10'. After ^ m ^.^^^2dS!r rapidly venting and cooling. 28.6 g of 
Saffining the reaction ^^^%^&!vZS 212*00 with a molecular weight 
60 powdery white polyethylene having a wm or w. 
distribution of 3.8 and activity (kg/g.h.atm) of 467. 

Example 3-6 ac Exam _ le 2 except that the metallocenes listed in Table i I were 

Examples 3-5 were performed as Example^ exceo^ ^ summan2ed in Table ,. 

65 substituted for the metallocene in Example 2. Tne 
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Examples 6—8 

Examples 6—8 were performed as Example H except that 0.2 mg of metallocenes as listed in Table II 
and 9.0 cm 3 alumoxane were employed giving an Al/Zr of 8X10 3 . The results are summarized in Table II. 

5 TABLE I 

Substituted cyclopentadiene (Cp) ligand effects 

— - Activity 

Example Catalyst* Mw Mn MWD kg/g.h.atm 



20 



1 


CpzZrCV 


140,000 


39,500 


3.5 


252 


2 


(MeCp) 2 2rCI 2 


212,000 


55,900 


3.8 


467 


3 


(EtCp) 2 ZrCI 2 


171,000 


44,700 


3.8 


306 


4 


<B-PP-Cp) 2 ZrCI 2 b - 


282,000 


78,200 


3.6 


335 


5 


(Me 5 Cp) 2 ZrCI 2 


63,000 


13,200 


4.7 


71 



•«A!/Zr=24,000 
b pp= phenyl propyl 



Example 


Catalyst* 


TABLE II 
Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 


6 


(Me s Cp) 2 ZrCI 2 


47,300 


13,200 


3.6 


142 


7 


(MeCp) 2 ZrCI 2 


180,000 


48,300 


3.7 


278 


8 


(EtCp) 2 ZrCI 2 


184,000 


50,000 


3.7 


281 



*AI/Zr=8,Q00 

The physical properties of a polyethylene are largely determined by the polymer molecular weight and 
<o the polymer density. The previous examples have demonstrated that through the ligand effect, one can 
control the molecular weight of polyethylenes. The following examples demonstrate that through the same 
ligand effects, one can control the polymer density in copolymers such as ethylene copolymers. In addition, 
the control of polymer density in the following examples is demonstrated at fixed reaction conditions 
indicating that density control is mediated by ligand effects on the catalyst reactivity ratios. 

45 

Example 9 (comparative) 

A 1-liter stainless steel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogen flow. 400 cm 3 of dry, degassed toluene was introduced 

so directly into the pressure vessel. 10.0 cm 3 of alumoxane solution (0.8 moles in total aluminum) was injected 
into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
and 50°C for 5 minutes at 0 psig (99.3 kPa) of nitrogen. 200 cm 3 of liquid propylene at 25°C was then added 
resulting in a pressure of 126.2 psig. (969.4 kPa) 0.113 mg of bis(cyclopentadienyl)zirconium dimethyl in 10 
ml of toluene was injected through the septum inlet into the vessel. Ethylene at 152.1 psig (1 148 kPa) was 

55 admitted and the reaction vessel was maintained at 50°C. The ethylene was passed into the vessel for 30 
minutes at which time the reaction was stopped by rapidly venting and cooling the reactor. 66.0 g of 
copolymer having an intrinsic viscosity of 0.74 was isolated which contained 31 mole % propylene. The 
density was 0.854 g/cm 3 at 23°C. 

60 Example 10 

A 1-iiter stainless steel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogen flow. 400 cm 3 of dry, degassed toluene was introduced 
directly into the pressure vessel. 10.0 cm 3 of alumoxane solution (0.8 moles in total aluminum) was Injected 
65 into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
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and50<Cfor5minutesat0^ 

a pressure of 126.2 psig. (969.4 KPa) 0.102 7^ i J^22S?vmSi Ethylene at 152.4 psig (1150 kPa) was 
ml of toluene was injected through the septum inlet into ^evessel ctny* ^ ^ ^ for 

admitted and the reaction vesse was rna.nta.ned at 50 C The P ^ regctor 12 0 f 

density was 0.854 g/cm 3 at 23°C. 

Example 11 . . nilinned witn an incline blade stirrer, an external water jacket 

A Miter stainless steel pressure vessel, WW**™ *™™ , of d etnylene and nitrogen, 

for temperature control, a septum inlet and vent line. ^J^^^Snmd toluene was introduced 
was dried and deoxygenated "J "JK^ 

directly into the pressure vessel. 10.0 cm of a ^ m °**" e s ° 'V tne mixture was stirred at 1 .200 rpms 
into the vessel by a gas tight syringe trough the septum ntt and , the 25 o C wasth en added 

and StfC for 5 minutes at 0 psig (99 3 kPa) °f nitrogen 2M I cm * £ nteme ^^ 
resulting in a pressure of 126.2 psig (969.4 JJ» , ,^ jnt0 the vesse l. Ethylene at 15 .5 psig 
dimethyl in 10 ml of toleuene was J^^ h ^HSd « 5 (TC. The ethylene was passed into the 
(1140 KPa) was admitted and the i mutton *~ sapped by rapidly venting and cooling the reactor. 
. ^KSSSSf a^ro^^wal isolated which contained 3.6 mole % 
propylene. The density was 0.934 g/cm 3 at 23°C. 

Claims 

* i.Acatalystsuitablefortnepo^ 
formula 

Cp 2 Zr=CH 2 P(CeH 5 ) 2 CH 3 

3(? and its derivative of the formula 

Cp 2 ZrCH 2 CH(CH 3 )CH 2 
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and the carbene represented by the formula 

Cp 2 Ti=CH 2 • AI{CH 3 ) 2 CI 



and the derivatives of this carbene 

Cp 2 Ti=CH 2 • Al(CH 3 ) 3 , (Cp 2 TiCH 2 ) 2 , 
Cp 2 TiCH 2 CH(CH 3 )C H 2 , Cp 2 TNCH 2 * AIR'" 2 CI, 

(C s R'J P R".(CsR'JMeQ3-p or R",{C 5 R' m ) 2 MeQ'. 
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W hereinMeisaG ro up4b,5bo^ 

R' which can be of the same "£^$2gS£& togXerform s fused C,-C. ring, R"js a C,-C« 
having from 1 to 20 carbon atoms or two R s AMM » "fl , amjne radica , bridg ing two 

alkylene radical, a dialkyl germanium o^l.cone or an alky, pnosp ^ arylajky| rad , ca| 

(CR'J nngs, each Q which can be ' *e "me or d JJJjyyjJ navmg from 1 to 20 carbon atoms, 

having from 1 to 20 carbon ^^^^^[^y^ s is 1 ; m is 5 when s is 0; and that at 
s is 0 or 1. p is 0, 1 or 2; provided that s is 0 when p « »• J » and (b) an alum0 xane. 

least one R' is a hydrocarbyl radical when s-Q and I Q is a NHKy « » js metn |# etnyl or buty , 

2. A catalyst according to claim \ v ^^^^MV^[c V aopBm^) titanium diphenyl, 

3. A catalyst according ito- claim la* J^%SSS^£fi) *™« um dichloride ' » s < e ^ lc V c l 0 / 

sass^s^ °™ e bS4 ' 56 ' 7 • tetrahydroinden vl) titan,um 

diCh 4°A orocess for polymerising one or more olefins which comprises conducting the polymerisation in 
the sv*em as claimed in any one of claims 1 to 3. 
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carbon atoms per molecule. 
Patentanspruche 

1. Katalysator, geeignet fur die Polymerisation eines i 

Cp 2 Zr=CH 2 P(C 6 H 5 ) 2 CH 3 



. . ^ o^^on eines Olefins, enthaltend (a) das Carben der Formel 



10 und sein Derivat der Formel 



Cp ? ZrCH 2 CH(CH 3 )C H 2 - 



und das Carben der Formel 
is Cp 2 Ti=CH 2 -AI(CH 3 ) 2 CI 

und die Derivate dieses Carbons 

20 



Cp 2 Ti=CH 2 • AI(CH 3 )a/ (Cp 2 TiCH 2 ) 2 , 
Cp, TiCH 2 CH(CH 3 )C H 2 , Cp 2 Ti=CH 2 - AIR'" 2 a 

(C 5 R'J P R".(C S R' JMeQ,-, oder R».(C 5 R'm) 2 MeQ' 

^woHnMeeinMetaUder^^^ 
so Cyclopentadienylrest 1st, jeder J***^"** ^toSeSrtoffatomen 1st oder zwei R<-Subst,tuenten 
Alkenyl-. Aryh Alkylaryl- oder Aryi^lrest rrut 1 b.s 20 ^ ejn Dlal^ermanlum ode 
zusammen einen kondens.erten C<-Ce-F tans |biWer U i em , « miteinand er verbindet. ist. jeder Rest 
Silicon Oder ein AIMphosphin Oder Ammre^ 

35 K^n^^ 

Halogenatom ist und (b) em Alumoxan. Butyl ist 

2. Katalysator nach Anspruch 1 worin, «mn p ^^g^ySSS^O - Titandiphenyl, 
« J. Katalysator nach Anspruch 1. worm e ^^"^^TSfcoSunidlehlorid. bWEthyteydo- 

pentadienyl) - Zirkoniumdichlond, bis(B ' -^"^^methyl - cyclopentadienyl) - Zirkon.umd.methyl, 

dichlorid ist. der mehrerer oiefine, bei dem man die Polymer.sat.on in 

6. V«f a h„n nach Mspmc* «. bei d e m *. 0,* Bhy.e, odo, .,n a.pha-OieHn „« 3 
50 Kohlenstoffatomen pro Molekul ist. 

Revendications 

,. Catalyseur apte a etre utilise pour «a polymerisation d'une define, comprenant (a) le carbene 
55 represents par la formule 

Cp 2 Zr=CH 2 P(C 6 H 5 ) 2 CH 3 

et son de>iv6 de formule 
60 C P2 ZrCH 2 CH(CH 3 )C H 2 et 

le carbene represent** par la formule 

Cp 2 Ti=CH 2 • AI(CH 3 ) 2 CI 



EP 0129 368 B1 

et les derives de ce carbene, 

Cp 2 Ti=CH 2 -AI(CH 3 ) 3 , (Cp 2 TiCH 2 ) 2 , 

5 Cp 2 TiCH 2 CH(CH 3 )C H 2 , Cp 2 Ti=CH 2 ■ AIR'" 2 CI, 

ou Cp est un radical cyclopentadienyle ou cyclopentadienyle substitue, et R'" est un radical alkyle, aryle ou 
alkylaryle ayant 1 a 18 atomes de carbone; ou un compose de formule 

jo (C 5 R' m ) p R".(C s R' m )MeQ 3 . p ou R''.(C 5 R'J 2 MeQ', 

dans laquelle Me est un m6tal du Groupe 4b, 5b et 6b, (C 5 R'm) est un radical cyclopentadienyle ou 
cyclopentadienyle substitue, chacun des R' qui peuvent jltre identiques ou differents repr^sente 
I'hydrogene, un radical alkyle, alcenyle, aryle, alkylaryle ou arylalkyte ayant 1 a 20 atomes de carbone ou 

is bien deux substituants R' forment ensemble un noyau condense en C 4 a Ce, R" est un radical alkylene en d 
a C 4 , un dialkylgermanium ou une silicone ou un radical alkylphosphine ou amine pontant deux noyaux 
(C 5 R'J, chacun des Q qui peuvent etre identiques ou differents est un radical aryle, alkyle, alcenyle, 
- alkylaryle ou arylalkyie ayant 1 a 20 atomes de carbone ou un halogene, Q' est un radical alkylidene ayant 1 
a 20 atomes de carbone, s a la valeur 0 ou 1 , p a la valeur 0, 1 ou 2; sous reserve que s soit egal a 0 lorsquep 

20 est egai a 0; que m soit egal a 4 lorsque s est egal a 1 ; que m soit egal a 5 lorsque s est 6gal a 0; et qu'au 
moins I'un des R' soit un radical hydrocarbyle lorsque s est egal a 0 et Q est un radical alkyle ou un 
halogene, et (b) un alumoxane. 

2. Cataiyseur suivant la revendication 1, dans lequel p est egal a 0, Q est le chlore et R' est un radical 
methyle, ethyle ou butyle. 

2s 3. Cataiyseur suivant la revendication 1, dans lequel le compose (a) est le bis(cyclopentadienyl)titane- 
diphenyle, le bis(cyclopentadienyl)Ti=CH 2 Al(CH 3 ) 2 CI, le dichlorure le bis(methylcyclopentadienyl)- 
zirconium, le dichlorure de bis(ethylcyclopentadienyl)2irconium, le dichlorure de bis((S - phenylpropyl- 
cyclopentadienyDzirconium, le dichlorure de bis(pentamethylcyclopentadi6nyl)zirconium, ie bisftetra- 
methylcyclopentadienyllzirconium - dimethyle, le bis(ethylcyclopentadienyl)zirconium - dimethyle ou le 

30 dichlorure d'ethyiene - bis(4,5,6,7 - tetrahydro - indenyDtitane. 

4. Procede de polymerisation d'une ou plusieurs oiefines, qui consiste a conduire la polymerisation en 
presence d'un cataiyseur suivant Tune quelconque des revendications 1 a 3. 

5. Procede suivant la revendication 4, dans lequel I'olefine est I'ethylene ou une alpha-define ayant 3 a 
8 atomes de carbone par molecule. 
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